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What is Model Calibration?
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Other
Disciplines

fitting’
curves
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Other
Disciplines

‘training’
machine learning
models
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Training set

Select all squares with

traffic lights

If there are none, click skip
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Other
Disciplines

‘history-matching’

petroleum
reservoir models
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Groundwater
Modelling

Calibration:
History-matching,
Parameter
estimation,
Inverse modelling
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Why do we calibrate?
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13. LITHOLOGIC LOG: (Describe repairs or abandonment) Water
B
D(i)r-r;.3 From| To Remarks: Lithology, Water Quality & Temperature YN
18" 0'| 2'|brown top soil X
18" 2'| 4'|brown clay X
18"| 4'| 27'|brown gravel X
18" 27'| 46'|brown clay X
18"| 46'| 54'|brown sand & gravel X
18"| 54'| 61'|brown clay X
18"| 61'| 89'|brown sand & gravel X
18"| 89'| 91'|brown sandy clay X
18"| 91'| 98'|brown sand & gravel X
18"| 98'| 108|brown sand fine X
118" 108| 114|brown sand & clay strips X
18"| 114| 127|brown sand fine X
18"| 127| 130|brown clay X
18"| 130| 143|brown sand & clay strips X
RECEIVED




Unknown
Boundary
Fluxes
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Model
Structural Error

Model represents a
process ‘wrong’

Too simple?

Parameter
compensation of
model error
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Unavoidable? Simple Complex

—

too much too time

structural R consuming

error and unstable
to calibrate

more resolution
more parameters

Mmore processes

more realistic process
representation

less numerically stable
longer run times

....still structural error
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How do we calibrate?




Construct
Historic

| |
e ¥
Fh i ™
7 - -
-
" !g - 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
- =
3 Fi
=&
T
r [y
= i —]
~ NS = [~
Fi ™y L
] I =il
b
-
-
pf=d ™ 'l\ ._J-_ L
9 -
= -\'J“\ = =
e P N
N - - _ =
= L -
il B
'-IL -
K
a o T ! -
1
Fa
- - —
%
-

‘ USGS 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

science for a changing world

AT AP AEPRIA AR

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

L1 1 L1 | |

1
I




Field
Observations

RS
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Field
Observations




Field
Observations
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Simulated
Equivalents
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Observed
compared to
simulated
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N
o)}
N
o




Observed
compared to
simulated
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Tweak
Parameter
Values
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Tweak
Parameter
Values
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Residuals




Residuals
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Objective r; = observed; — simulated;
Function '

w; = weight

objective function: @ = X(Wm)z

— Z (Whea,dsrheads)2

+ Z (errt_head_diffrvert_head_diff)2
2
+ Z (Wtemp_head_diff rtemp_head_diff)

2
+ Z (Wdrain_fluxrdrain_flux)

2
USGS + Z(Wlowell_seepagerlowell_seepage)
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Minimizing
Objective
Function
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Minimizing
Objective
Function
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Minimizing
Objective
Function
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Minimizing
Objective
Function
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Minimizing
Objective
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Minimizing
Objective
Function
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Function
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lteration




Common
Challenges

long run times
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COMPUTING JACOBIAN:

calculating jacobian...

running model 1488 times




Common
Challenges

parameter
correlation
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parameter 2

parameter 1



Common
Challenges

non-uniqueness

recharge

USGS hydraulic conductivity
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Common
Challenges

non-uniqueness
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Common
Challenges

weighting
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COmmon objective function
Challenges

weighting

&
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Common
Challenges

weighting

ZUSGS
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objective function
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Common
Challenges

weighting

ZUSGS

science for a changing world

objective function

m heads = tempdiff = vert diff

drains = lowell



Common
Challenges

model
inadequacy
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Common
Challenges

systematic
misfits or
tradeoffs
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Common
Challenges

systematic
misfits or
tradeoffs

a USGS

science for a changing world



Common
Challenges

overfitting

1(X)




Common
Challenges

scenario
forecasts
uninformed by
data
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Implementation




PEST(++)
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PEST

Model-Independent Parameter Estimation
User Manual Part I:

PEST, SENSAN and Global Optimisers
(See part II for documentation of PEST support and uncertainty analysis utilities.)

7th Edition published in 2018
Latest additions: May 2019

Watermark Numerical Computing

science for a changing world

Groundwater Resources Program
Prepared in cooperation with U.S. Environmental Protection Agency,
Great Lakes Restoration Initiative

Approaches in Highly Parameterized Inversion:
PEST++ Version 3, A Parameter ESTimation and Uncertainty
Analysis Software Suite Optimized for Large
Environmental Models
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Wrapplng MODEL PEST DATA
Model

INPUT
(adjustable and non-
adjustable properties
and boundaries)

OUTPUT
(heads and flows at
grid cells)

Observation Data

USGS objective function good l‘
=
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Techniques

many settings for
tweaking parameter
estimation
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Tikhonov Regularization

Singular Value Decomposition

SVD-Assist

lterative Ensemble Smoother



}ilg’[\- Generalized Run Manager Interface

throughput N
computing

The PEST++ Development Team

starting PANTHER master...

IP addresses:
0.6.0.0:4804 (IPv4)

PANTHER master listening on socket: ©.8.6.6:4864 (IPvd)

COMPUTING JACOBIAN:

Iteration type: base parameter solution
calculating jacobian... running model 1488 times

waiting for agents to appear...

PANTHER progress
runs(C = completed | F = failed | T = timed out)

agents(R = runnin W waitin L unavailable
ZUSGS S

science for a changing world 61 95/28 12:26:25 runs{C=248 | F=0 RE: ): agents(R=16 | W=0 | U= )



High-
throughput
computing

Machine

HPC SYSTEMS

4 ) 4 . N 4 N r '
General Purpose HPC Flagship System Prototype System Tiered Storage System
* Good place to start * Large-scale Models * ML and Analytics at + 4.2 PB Total
* CPUand GPU + CPU Only scale * Connects to Denali &
* 143 nodes * 232 nodes * Built-in Software Stack Tallgrass
+ 3,728 CPU, 56,596 CUDA + 9,280 CPU (18,560 * 22 nodes, 792 CPU * Provide tiers of storage
« 100 Tflop/s hyper-threads) < 122,800 CUDA (high performance &
+ 448 Tflop/s » 15,360 Tensor object)

Tallgrass /A% Caldera
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River and Drain Seepage

lterate

Observation group: drn
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lterate
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sim_workspace = "base’
model _name = 'mfE-tv_hist_ss
ss_years = list(range(1998, 2867))

read parameters from file = False

read _parameters_group _mean = False
balance group phi = Trug

tie groups = ['leakdistprop’, 'leakfac’]

man_obs_group_weight mult = pd.DataFrame({

"obgnme’ : ["obs well®, 'drn’, "lowell’,

‘weight mult® : [1, 3e2, le-1, lel]

‘vert_head diff’'],



What else?




Uncertainty
Analysis
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INPUT
(adjustable and non-
adjustable properties
and boundaries)

Observation Data

OUTPUT
(heads and flows at
grid cells)



Thanks for listening
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